Background
==========

Since endometrial carcinoma (EC) belongs to one of the dominant gynecological cancers, more than 61 000 endometrial cancer patients were diagnosed in 2017, while the anticipated death number was 10 920 \[[@b1-medscimonit-25-8248]\]. The overall survival rate has been obviously increased by the application of early detection; however, 20% of the tumor cases still have unsatisfied prognosis rates with the median survival time of just 1-year \[[@b2-medscimonit-25-8248]\]. Disease recurrence or chemotherapy resistance has been the major threaten for EC patients, and lack of precise molecular targets that could be served as favorable diagnostic or prognosticate biomarkers at this time for EC patients \[[@b3-medscimonit-25-8248]--[@b6-medscimonit-25-8248]\]. Therefore, identifying prognosticate markers would be much beneficial to these EC patients since they served as predictors for the treatment response.

Previously, many studies focused on mRNA or protein expression on EC prognosis or progression \[[@b7-medscimonit-25-8248],[@b8-medscimonit-25-8248]\], such as MACC1 and c-Myc, which are upregulated in the serum or tumor tissues generated from EC patients, and both are associated with primary infiltration, TNM stage, and metastases \[[@b9-medscimonit-25-8248]\]. Recently, with the advance of microRNA (miRNA) sequencing, we tried to focus on whether the variations of miRNAs could be served as prognosis markers in endometrial cancer. MiRNAs are defined as small, non-coding RNA, with 18 to 25 nucleotides long \[[@b10-medscimonit-25-8248]\]. Studies found that miRNAs commonly participate in epigenetic regulation, while the most crucial role of miRNA is post-transcriptional regulation of targeted genes. Commonly, miRNA could result in mRNA cleavage, translational repression, or mRNA decay via interacting with the 3′ untranslated region (3′ UTR) of the targeted genes' mRNA \[[@b11-medscimonit-25-8248],[@b12-medscimonit-25-8248]\]. Through which, these miRNAs contribute to the regulation of cancer cell proliferation or progression \[[@b13-medscimonit-25-8248],[@b14-medscimonit-25-8248]\]. MiRNAs, such as miR-181c and miR-522, have been found that play a critical role during the tumorigenesis or progression of EC \[[@b15-medscimonit-25-8248],[@b16-medscimonit-25-8248]\]. Studies also pointed out that miRNAs' features indicate a possible role as prognosis-related markers. Wang et al. \[[@b17-medscimonit-25-8248]\] found that in primary or metastatic EC tissues, miR-29b was lower expressed compared with the normal controls, and using miR-29b expression to diagnose EC output 0.976 area under the curve (AUC), with the 96.1% sensitivity and 97.9% specificity, suggesting that lower expression of miR-29b correlated with poor prognosis of EC patients. Similarly, upregulation of miR-200c in endometrioid-EC tissues compared with normal controls was revealed by Wilczynski et al. \[[@b18-medscimonit-25-8248]\]; they also found that lower expression of miR-200c was linked to unfavorable survival.

Currently, few studies have systematically explored the value of miRNA signature in predicting the prognosis of EC patients. Thus, we defined 2 miRNA-based prognosis predicting signatures according to the miRNA profile of EC patients released by The Cancer Genome Atlas (TCGA).

Material and Methods
====================

Data source
-----------

The miRNA matrix was extracted from TCGA database, comprising 185 EC cases and 13 controls. The clinical parameters, including sex, age, overall survival (OS), recurrence-free survival (RFS), pathological grade, and tumor stage, were also collected. In addition, these patients were randomly separated into the discovery and validation sets (94 patients versus 40 patients).

MiRNA-based prognosis signature construction and risk classification
--------------------------------------------------------------------

We first used the univariate analysis to figure out the connection between miRNA expression and OS or RFS. Then, we performed the LASSO bagging Cox regression test to obtain the resample model inclusion proportion (RMIP) data. Based on the hazard ratio (HR) and coefficient (co-ef) of each miRNA, we established the prognosis signatures for OS and RFS, respectively.

Prognostic signature validation and receiver operating characteristic (ROC)
---------------------------------------------------------------------------

K-M curve was applied to determine the survival difference between high- and low-risk groups in both the discovery set and internal validation set. After that, the AUC values of the receiver operating characteristic (ROC) curve were calculated to reflect the predictive value and stability of our signatures. Moreover, we also conducted subgroup analyses based on the clinicopathological parameters, including age, pathological grade, etc. We would try to combine our signature with these features and generate a synthesis nomogram model to enlarge the synthesis effects of our signatures further.

Functional annotation
---------------------

Determining the targeted genes of the enrolled miRNAs, which related to the OS and RFS signature, is critiqued to investigate the function of miRNA in endometrioid carcinoma. For the prediction, we mainly relied on 3 online databases, miRanda (match sequence length/mismatch sequence length \>4; and align score \>140), miRDB (target prediction score \>60), and TargetScan (cumulative weighted context ++ score \<−0.3). Then, Gene Ontology (GO), Reactome, and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were performed for these genes. The interaction network of miRNA-mRNA was constructed by Cytoscape software \[[@b19-medscimonit-25-8248]\].

Result
======

Establish miRNA-based prognosis predicting signature for EC patients
--------------------------------------------------------------------

The EC patients were randomly divided into discovery and validation groups. The univariate analysis was conducted to figure out the correlation between miRNA expression and OS or RFS ([Figure 1A, 1B](#f1-medscimonit-25-8248){ref-type="fig"}). Then, the LASSO bagging Cox regression test was applied to select potential miRNAs ([Tables 1](#t1-medscimonit-25-8248){ref-type="table"}, [2](#t2-medscimonit-25-8248){ref-type="table"}) and established the prognosis signatures based on the HR and co-ef values generated from each miRNA ([Figure 2A, 2B](#f2-medscimonit-25-8248){ref-type="fig"}).

Seven miRNAs were enrolled to establish OS predicting signature in EC cases ([Figure 2A](#f2-medscimonit-25-8248){ref-type="fig"}). Among the 7 miRNAs, 5 of them (miR-3941, miR-23c, miR-190b, miR-let-7b, and miR-3170) were identified and played protective roles (HR \<1), while 2 miRNAs (miR-6511b and miR-193a) identified as risk factors (HR \>1). Besides, miR-1226, miR-153-2, and miR-1254-2 might benefit the evolution of RFS for EC patients ([Figure 2B](#f2-medscimonit-25-8248){ref-type="fig"}). A formula was generated related to OS=0.372 \* miR-193a −0.650 \* miR-3941 −0.512 \* miR-23c−0.400 \* miR-190b +0.311 \* miR-6511b-2 −0.242 \* let-7b − 0.196 \* miR-3170. For predicting the RFS of EC patients, the risk score applied=0.418 \* miR-1226 −0.300 \* miR-153-2 +0.568 \* miR-1254-2. The OS and RFS-related risk classification scores for EC patients were generated according to the OS and RFS predicting signatures. Then, the low- and high-risk population were defined according to the cutoff risk score (median).

Validation of the miRNA-based signatures
----------------------------------------

K-M plot was used to discriminate the difference of OS/RFS between the low- and high-risk population in discovery/validation dataset, respectively. For OS predictive signature, the results indicated that patients in a high-risk group have poorer OS compared to low risk-groups both in the discovery cohort ([Figure 3A](#f3-medscimonit-25-8248){ref-type="fig"}, *P*\<0.001) and validation cohort ([Figure 3C](#f3-medscimonit-25-8248){ref-type="fig"}, *P=*0.00082). Then, ROC analyses confirmed the accuracy of the 7-miRNA-based classifier in predicting OS, and the classifiers showed similar and stable accuracy in the discovery set \[[Figure 3B](#f3-medscimonit-25-8248){ref-type="fig"}, AUC=76.2 (95%CI: 67.0--85.5)\] and independent validation set ([Figure 3D](#f3-medscimonit-25-8248){ref-type="fig"}, AUC=73.6 (95%CI: 60.9--86.3)\].

Consistently, the results suggested that for these patients in the high-risk group assigned by risk formula had unfavorable prognosis than these low-risk patients ([Figure 3E, 3G](#f3-medscimonit-25-8248){ref-type="fig"}). Areas under ROC curve for RFS classifier were 73.5 (64.8--82.2) and 65.3 (52.8--77.8) in the discovery and validation group, respectively ([Figure 3F--3H](#f3-medscimonit-25-8248){ref-type="fig"}), which also showed excellent performance on recurrence prediction.

Functional enrichment and network visualization
-----------------------------------------------

We predicted the downstream genes of these enrolled miRNAs with the web interactive prediction tools. The interaction network of miRNA-mRNA was displayed in [Figure 4](#f4-medscimonit-25-8248){ref-type="fig"}. GO (BP, biological process; CC, cellular component; MF, molecular function), Reactome, hallmark, and KEGG analyses were performed to explore the biological function/potential mechanisms of the targeted genes ([Figure 5](#f5-medscimonit-25-8248){ref-type="fig"}). The targeted genes of OS-related miRNAs were significantly enriched in Signaling by Receptor Tyrosine Kinases, Negative regulation of the PI3K/AKT network, transcription factor activity, PI5P, PP2A, and IER3 regulate PI3K/AKT signaling, ubiquitin-like protein transferase activity, Ras signaling pathway, MAPK signaling pathway, etc., which are reported significantly related to tumorigenesis and drug resistance processes. For the RFS-related genes, they were significantly enriched in cancer progression-related pathways, such as signaling by receptor tyrosine kinases, PI3K/AKT signaling in cancer.

Stratified analyses
-------------------

The OS-related classifier was an independent factor for EC patients after adjusting clinical-pathological parameters (HR=3.01, 95%CI: 1.67--5.4, *P*\<0.001) ([Figure 6A](#f6-medscimonit-25-8248){ref-type="fig"}). Although our classifier was less efficient than the clinical stage (HR=3.47, 95%CI: 2.14--5.6, *P*\<0.001), it was much superior to histological type and neoplasm histological grade. The discriminatory ability or stability for the OS prediction signature was executed. Our classifier showed moderate performance with the AUC value up to 70.9, which was higher than the clinical stage (AUC=69.7) and histological grade (AUC=60.6) ([Figure 6B](#f6-medscimonit-25-8248){ref-type="fig"}). Besides, we also established a nomogram to estimate the synthesis effects by combining our classifier and clinicopathological features, whereas the result was similar to our classifier itself.

For the miRNA-based RFS classifier, it could also be used to precisely identify patients with the high-risk of recurrence in the overall cohort (HR=2.32, 95%CI: 1.35--4.0, *P*=0.002) ([Figure 6C](#f6-medscimonit-25-8248){ref-type="fig"}). Similar to OS-classifier, we found the clinical stage had the most efficient power to classify the high-risk patients (HR=2.57, 95%CI: 1.55--4.3, *P*\<0.001) than our RFS classifier. The AUC value for RFS classifier was 64.9 (95%CI: 57.7--72.0, [Figure 6D](#f6-medscimonit-25-8248){ref-type="fig"}), which was higher than clinical stage, pathological grade (AUC=64.0, 95%CI: 56.4--71.6), histological type (AUC=57.2, 95%CI: 50.2--64.1). However, at this time, we found a synthesis effect by combining our RFS classifier and clinicopathological features, and the AUC value was 67.0 (95%CI: 60.3--73.6), which was higher than any of the other subtypes.

Notably, we set up a nomogram by merging the clinicopathological parameters with our classifier and found the OS-related nomogram had less capacity than our OS classifier. While for the RFS-related nomogram, it displayed the best predictive value than any of other classifiers ([Figure 6B, 6D](#f6-medscimonit-25-8248){ref-type="fig"}).

Stratified survival analyses
----------------------------

When stratified by age, clinical stage, and neoplasm histological grade, the seven-miRNA-based classifier was still clinically and statistically significant for prognosticating prediction of OS ([Figure 7A](#f7-medscimonit-25-8248){ref-type="fig"}). The classifier defined high-risk patients had a worse prognosis than that of low-risk patients in the clinical stage I/II (*P*=0.0005), as well as in stage III/IV (*P*\<0.001). We also assessed the prognostic prediction ability of the seven-miRNA-based signature for different histological type, and we found that the classifier was suitable for endometrioid-EC (*P*\<0.001) rather than serious EC (*P*=0.450).

For the 3-miRNA-based RFS signature, we found it displayed a favorable discrimination performance regardless of different age groups (\<60 years or \>60 years), different histological grades (G1/G2 or G3) ([Figure 7B](#f7-medscimonit-25-8248){ref-type="fig"}), and the patients with low-risk scores had significantly better RFS than patients with high-risk scores in age \<60 (*P*\<0.001), age \>60 (*P*=0.0014), G1/G2 (*P*\<0.001), and G3 (*P*=0.038). On the other side, we also assessed the prognostic ability of the RFS signature based on clinical stage and histological type. The result showed that this miRNA based signature was more suitable to classify the high-risk group and the low-risk group for clinical stage I+II (*P*=0.00069) instead of III+IV (P=0.059), and endometrioid-EC (*P*=0.00021) rather than serious EC (*P*=0.140) ([Figure 7B](#f7-medscimonit-25-8248){ref-type="fig"}).

Discussion
==========

Referring to the dualistic model, the EC patients are separated into 2 types, including type I (\~75%, endometrioid EC) and type II (\<25%, non-endometrioid tumors) \[[@b20-medscimonit-25-8248]\]. The study found that 15% of the type II cases have the tendency to invade the surrounding tissues \[[@b21-medscimonit-25-8248]\], and these patients mostly have a reduced 5-year survival rate \[[@b22-medscimonit-25-8248],[@b23-medscimonit-25-8248]\]. Herein, developing more prognostic-related markers for EC patients are urgent.

To reveal the miRNA signatures' characteristic exclusively for EC patients, we established and validated 2 signatures to predict the OS and RFS prognosis of EC patients. The 2 signatures were described to be reliable classifiers in the univariate analyses and remained to be robust predictive factors with or without clinicopathological factors in multivariate analyses. In addition, the prognostic ability and stability of the 2 signatures were well replicated in the overall set, and better than any of the other clinicopathological factors (such as age, clinical stage, histological stage, and histological type). More meaningfully, our signatures could offer additional predictive information combining current stage classification systems, which is a high priority for EC.

According to the reports of previous publications related with the miRNAs enrolled in our model, downregulation of miR-23C, miR-3170, and miR-let-7 has a connection to tumorigenic pathways implicated in hepatocellular carcinoma, Merkle cell carcinoma, squamous-cell carcinoma and so on \[[@b24-medscimonit-25-8248]--[@b26-medscimonit-25-8248]\]. In the Wang et al. study \[[@b27-medscimonit-25-8248]\], miR-3170 was validated to be significantly correlated with the OS of EC. Kou et al. \[[@b28-medscimonit-25-8248]\] discovered that H19 increases the migration and invasion of tongue squamous cell carcinoma via sponging miR-let-7, which involves the mitochondrial dynamic regulation \[[@b28-medscimonit-25-8248]\] and proliferation potential \[[@b29-medscimonit-25-8248]\]. For miR-193a to function as a diagnostic biomarker and therapeutic target, several studies have revealed that miR-193 family participates in various tumors' biological processes by interaction unique targeting and signaling \[[@b29-medscimonit-25-8248]--[@b31-medscimonit-25-8248]\], regulating cell growth, apoptosis, proliferation, and cell motility. In addition, functional prediction analyses suggested that the predicted genes of the enrolled miRNAs are highly enriched in tumor progression/drug resistance-related pathways, such as receptor tyrosine kinase signaling pathway, PI3K-AKT network, regulation of cell morphogenesis \[[@b17-medscimonit-25-8248],[@b32-medscimonit-25-8248],[@b33-medscimonit-25-8248]\]

Conclusions
===========

Our miRNA-based classifiers seem to be independent and reliable prognosticate tools for endometrial cancer. It can provide predictive value to complement the existing clinical staging system for OS and RFS for EC patients, which can enable clinicians to identify the candidates with poor prognosis or high-risk of recurrence at an early stage to administrate personalized treatment.
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![K-M analyses. (**A**) K-M curves of OS-associated miRNA detected by Univariate Cox Regression analyses. (**B**) K-M curves of RFS-related miRNAs revealed by univariate Cox Regression analysis. OS -- overall survival; RFS -- recurrence-free survival; K-M -- Kaplan-Meier.](medscimonit-25-8248-g001){#f1-medscimonit-25-8248}

![Construction of miRNA-based prognosis predicting signature of endometrial cancer. Hazard ratio of enrolled OS related miRNA (**A**) and enrolled RFS-related miRNA (**B**), conducted by LASSO Cox regression analysis. miRNA -- microRNA; OS -- overall survival; RFS -- recurrence-free survival.](medscimonit-25-8248-g002){#f2-medscimonit-25-8248}

![The miRNA-based OS and RFS predicting classifiers' performance in endometrial cancer. (**A**) Kaplan-Meier curve at the low- and risky groups verified by the seven-miRNA-based OS predicting classifier in the training set. (**B**) ROC curve at the low- and risky sets verified by the 7-miRNA-based OS predicting classifier in the training set. (**C**) Kaplan-Meier curve at the low and risky groups verified by the 7-miRNA-based OS predicting classifier in the internal validation set. (**D**) ROC curve at the low and risky sets verified by the 7-miRNA-based OS predicting classifier in the internal validation set. (**E**) Kaplan-Meier curve at the low- and risky groups verified by the 3-miRNA-based RFS predicting classifier in the training set. (**F**) ROC curve at the low and risky sets verified by the 3-miRNA-based RFS predicting classifier in the training set. (**G**) Kaplan-Meier curve at the low and risky groups verified by the 3-miRNA-based RFS predicting classifier in the internal validation set. (**H**) ROC curve at the low and risky sets verified by the 3-miRNA-based RFS predicting classifier in the internal validation set. miRNA -- microRNA; OS -- overall survival; RFS -- recurrence-free survival, ROC -- receiver operating characteristic.](medscimonit-25-8248-g003){#f3-medscimonit-25-8248}

![Prediction of miRNAs down-stream target genes. (**A**) The targeted genes of miR-193a, miR-3941, miR-23c, miR-190b, miR-6511b, let-7b, and miR-3170. (**B**) Downstream gene prediction of RFS-related miR-1226, miR-153-2, miR-1254-2. miRNA -- microRNA; RFS -- recurrence-free survival.](medscimonit-25-8248-g004){#f4-medscimonit-25-8248}

![(**A--J**) Functional enrichment analyses: GO-BP, GO-CC, GO-MF, hallmark, KEGG, and Reactome. BP -- biological process; CC -- cellular component; MF -- molecular function.](medscimonit-25-8248-g005){#f5-medscimonit-25-8248}

![Multivariate analyses. (**A, C**) A hazard ratio of enrolled clinicopathological features and the miRNA-based OS/RFS classifiers in the overall set, respectively. (**B, D**) ROC curve showed the difference between clinicopathological features and the miRNA-based OS/RFS classifiers in the overall set, respectively. Nomogram was a synthesis model by combining the miRNA-based overall survival classifier and clinicopathological features. miRNA -- microRNA; OS -- overall survival; RFS -- recurrence-free survival; AUC -- area under the curve; ROC -- receiver operating characteristic.](medscimonit-25-8248-g006){#f6-medscimonit-25-8248}

![Subgroup analyses revealed by Kaplan-Meier survival curve. (**A**) Stratified survival analyses based on the clinicopathological features age, clinical stage, histological stage, and neoplasm histological grade for the 7-miRNA-based OS classifier. (**B**) Stratified survival analyses based on the clinicopathological features age, clinical stage, histological stage, and neoplasm histological grade for the seven-miRNA-based RFS classifier. The blue line suggested the high-risk group, while the yellow line indicated the low-risk group. miRNA -- microRNA; OS -- overall survival; RFS -- recurrence-free survival.](medscimonit-25-8248-g007){#f7-medscimonit-25-8248}

###### 

The RMIP for each of the 19 overall survival related miRNAs was measured by LASSO Bagging Cox Regression Analysis.

  Variate           Frequency
  ----------------- -----------
  hsa-mir-3941      653
  hsa-mir-23c       595
  hsa-mir-190b      578
  hsa-mir-6511b-2   574
  hsa-let-7b        555
  hsa-mir-3170      512
  hsa-mir-193a      505
  hsa-mir-3616      490
  hsa-mir-551b      437
  hsa-mir-616       326
  hsa-mir-31        214
  hsa-mir-28        212
  hsa-mir-23a       205
  hsa-mir-491       196
  hsa-mir-3652      141
  hsa-mir-182       129
  hsa-mir-548v      78
  hsa-mir-937       70
  hsa-mir-3607      58

RMIP -- resample model inclusion proportion.

###### 

The RMIP for each of the 19 recurrence-free survival related miRNAs was measured by LASSO Bagging Cox Regression Analysis.

  Variate           Frequency
  ----------------- -----------
  hsa-mir-1226      559
  hsa-mir-153-2     530
  hsa-mir-1254-2    529
  hsa-mir-3187      467
  hsa-mir-514a-1    378
  hsa-mir-23a       369
  hsa-mir-548v      366
  hsa-mir-4473      277
  hsa-mir-138-2     270
  hsa-mir-187       250
  hsa-mir-7-2       218
  hsa-mir-1292      161
  hsa-mir-491       150
  hsa-mir-142       149
  hsa-mir-33b       133
  hsa-mir-6511b-1   121
  hsa-mir-3691      84
  hsa-mir-504       53
  hsa-mir-4784      32

RMIP -- resample model inclusion proportion.
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